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1I. INTRODUCTION.
1. Statement of the problem.
Although many workers have applied themselves to the
elucidation of the chemistry of the nervous system, complete
qualitative and quantitative studies of the proteins of the brain
and nerves are lacking. This is due in great part to the
impossibility of extracting from the fresh moist tissue more than
a very small fraction of the total protein present. Even the
examination of such extracted protein is attended with difficulties
presented by the tenacity with which lipoid substances and
inorganic salts are held by the proteins, making the problem of
purification a serious one. The ease with which protein
substances undergo change in presence of solvents used for their
extraction or in process of separation and purification further
involves the problem. At the basis of a complete qualitative
and quantitative analysis of the proteins lies the necessity of
separating the proximate constituents of the tissue. This must
be performed in such a way that the properties of the proteins
may be unchanged. The present research had for its object the
elaboration of a method that would accomplish the isolation of
the individual proteins, and the application of such a method to
the investigation of the characteristics and relative amounts of
the proteins in the central nervous system. The differentiation
of the proteins in the white and gray matter, and a study of the
individual lobes of the brain with respect to their protein

2content, was anticipated.
2. Relation of the problem to the functioning of the
central nervous system.
The preeminently important function per formed by the
central nervous system warrants the intensive study that has
been directed in attempts to determine its mode of functioning.
All the tools that biological science has at its command have
been applied to this problem. The results of investigation
through the channels of anatomy and histology, physiology and
pathology, have thrown much light on the surpassingly complex
phenomena of nervous activity. The methods of chemistry are
being increasingly used in biological investigation: the results
obtained by the application of chemical methods to the problems
presented by nervous tissue have proved the great value and large
possibilities of this mode of investigation. It may be said
that advances in our knowledge of the many processes concerned
in brain functioning depend to a large extent on an accurate and
exhaustive study of the substances that take part in the reactions
occurring in the nerve cells. The large amount of protein
present in the cells raises the question of their function and
their relationships to other cell constituents. In regard to
this problem, the progress of chemical study has been greatly
retarded by the difficulty above referred to, of quantitatively
separating the various constituents of the tissue. The
desirability of an accurate analytical method is evident as
soon as any study is attempted involving the characteristics or
the quantitative relations of the proteins.
Koch1 has obtained important results in studies of

3brain growth, but the results are restricted in their significance
by the lack of data regarding the individual proteins. The data
obtained show that with increased age the water, proteins,
extractives and salts diminish relatively, while the phosphatides,
cerebrosides and especially cholesterol increase markedly. The
following table, comparing the analyses of three human brains
at different ages, furnishes data for this conclusion.
Age : 6 weeks 2 years 19 years
.'.eight brain: 640 g. 1100 g. 1670 g.
SOLIDS
Proteins
whole
brain
46.6
gray
matter
48.4
white
matter
31.9
whole
brain
40.1
gray
47.1
white
27.1
whole
brain
37.1
Extractives 12.0 10. 5.9 8. 9.5 3.9 6.7
Ash 8.3 5.8 3.2 4.5 5.9 2.4 4.1
Lecithin and
Kephalin
24.2 24.7 26.3 25.5 23.7 31. 27.3
Cerebrins 6.9 8.6 17.2 12.9 8.8 16.6 12.7
Cholesterol 1.9 2.4 15. 8.7 4.9 18.5 11.7
MOISTURE 88.78 84.49 76.45 80.47 83.17 69.67 76.4
It is to be noted that the protein fraction is not divided into its
constituents, and that the variation in percentage protein is
especially marked in the case of the white substance, which, as
Kuhne and Chittenden2 have shown, contains about 10 per cent, of
its dry weight in the form of neurokeratin, while the gray
substance contains about 1.5 per cent, neurokeratin. These
results may be in part interpreted on the assumption that the
supporting tissue, or neurokeratin, quickly reaches its maximum
amount in the growth process, and then remains stationary, while
in the gray substance the more active proteins keep pace with the
general growth. This uncertainty regarding the distribution of

4the Individual proteins in the total mass exemplifies the need
for a completer treatment of the proteins.
Especially interesting are the studies of Koch and
Koch3 on the growth of the brain of the albino rat, as summarized
in the following table.
Age in days
1 10 20 40 120 210
Moist weight one brain, grams 0.25 0.86 1.28 1.38 1.60 1.6
Solids in per cent. 10.42 12.5 17.5 20.34 21.65 21.9
Dry weight one brain, grams 0.026 0.107 0.224 0.281 0.347 0.345
Constituents, in per cent, of total solids:
Proteins 58.25 56.5 53.3 48.4 47.6 48.5
Phosphatides 15.2 12.3 21.4 21.8 21.6 22.0
Cerebrosides 3.0 5.9 8.4 8.4
Sulphatides 1.45 2.6 2.5 2.55 3.55 4.5
Organic and inorg .extractivesl7.9 15.1 14.55 14.85 9.75 9.8
Cholesterol
(determined by difference) 7.2 13.5 5.25 6.5 9.1 6.8
The growth process is characterized by a steady increase in the
proportions of solids, and decrease in proportions of water, while
the same general relations are seen to obtain in the case of the
rat's brain as in the human in regard to relative increase of
4lipoids and decrease in protein content. Donaldson , in the
light of studies on the growth of the mammalian nervous system,
estimates that 2 per cent, by weight of the whole human brain
consists of cell bodies, which thus weigh about 28 grams. The
medullated and non-medullated axones are therefore responsible for
the size of the brain and for the changes it undergoes during
growth. The medullary sheath of the medullary fiber has

5approximately the same volume as the axis, and thus the
predominating growth changes occur in the lipoids, which accords
with the results of direct investigation. The protein fraction,
although constituting about one-half of the total dry weight in
the case of the albino rat, is nevertheless reported in bulk in
the absence of means for more accurate differentiation into
individual proteins.
The relations of the proteins to the functioning of
the nerve cells is not understood. About 37 per cent, of the dry
substance of human brain tissue consists of proteins, and it is
therefore to be anticipated that proteins play a relatively
5important part in the specific activities of the tissue. Scott
and Macallum , in considering the nature of the Nissl substance
of the nerve cells, regard it as axiomatic that an iron-holding
nucleoprotein is necessary for the cell to carry on its normal
function. By histological methods Scott has shown that the Nissl
substance of the nerve cell body contains an iron-holding
nucleoprotein derived from the nuclear chromatin of the
germinating cell. The neurosoraes, consisting of protein in
combination with phosphorus and iron, but not yielding nuclein,
are found as granules in the cytoplasm together with the Nissl
substance, and an interdependence between the Nissl substance and
the neurosomes has been observed. Activity in the nerve cells
finally leads to a diminution of the Nissl substance, as has been
shown by Carlson
. By comparing the retinae of birds kept in sun-
light with those kept in darkness, he found that the retinae of
the stimulated and the resting eye showed a constant difference
in the appearance of the Nissl substance in the cells of the

6ganglionic and bipolar layers. The fact that practically nothing
is known of the chemical nature of protein bodies bearing such an
important relation to nervous activity warrants the expenditure
of much effort in order to ascertain their properties.
For an understanding of the metabolic activities of the
cell, it is necessary that the characters of the proteins be
determined. For example, a knowledge of the amino acid content
or other decomposition products of the proteins occurring in
tissues is often valuable in determining the behavior of such
proteins. Study of the purine bodies has shown that many
pathological changes may be connected with disturbances in their
metabolism. Again, from the standpoint of nutrition it is of
equal importance to ascertain the amino acid content of the tissue
to be nourished, as to study the amino acids of the protein
foodstuffs. In the case of the nervous system it is possible that
some of the amino acids contributing to the formation of the
proteins peculiar to this tissue may be absent from certain diets,
and malnutrition of the brain result. Information regarding the
amino acids of the individual proteins would be easily obtainable
as soon as reliable methods for isolating the proteins are
worked out
.
In considering the protein problem, the possibility
was in mind that the different divisions of the human encephalon
might be found to contain different proteins, and that the
different species in the animal kingdom might exhibit character-
istic differences in their brain proteins. Evidence of such
modifications of substances has been gained by Reichert and
QBrown
, in investigating the bloods of different animals. The

7hemoglobins were differentiated by crystallization and observation
of the crystal habit, when it was found that the hemoglobin crystals
of the members of any genus are isomorphous. From this is inferred
a correspondence of structure of the molecules of the homologous
hemoglobins. These investigators have shown conclusively that the
corresponding hemoglobins are not identical in different classes of
animals, and also that their peculiarities are of positive generic
specificity. It may easily be conceived that generic modifications
in an important protein like hemoglobin may be parallelled by
corresponding differences in the proteins of the nervous system.
II. CRITICAL DISCUSSION OF PREVIOUS INVESTIGATIONS .
1. Quantitative estimations of total proteins.
The earlier researches on brain proteins have been
concerned mainly with groups of substances extracted from the
fresh tissue by various solvents, and with the relative amounts
of such substances present in the gray and white matter. The
Q
observations of Petrowsky represent the results of a typical
method of analysis, possessing now only historical value. By
extracting the tissue with ether the fraction "lecithin, cholesterol
and fat" was obtained, from which lecithin was estimated by a factor
representing its phosphorus content. Subsequent extraction with
hot alcohol yielded the fraction designated "cerebrin 1 ' , and the
residue, by treatment with digestive mixtures, was divided into
two parts, the soluble portion being labelled "protein" and the
residue "insoluble". The following table is taken from Petrowsky'
s
analytical data on the constituents of the ox brain.

8Per 100 grams moist tissue
Gray matter White matter
Water
Solids
Protein
lecithin
Cholesterol
Cerebrin
Insoluble
Inorganic
.10
81.6042
18.3958
68.3508
31.6492
Per 100 grams dry tissue
55.3733
17.2402
18.6845
.5331
6.7235
1.4552
24.7252
9.9045
51.9088
9.5372
3.3521
.5719
BaumstarkAV presents a somewhat similar table, an
advance on the old method being the direct estimation of part of
the protein by water extraction previous to the use of organic
solvents
.
Per 100 grams moist tissue
Gray matter White matter
Water extracted protein .6073 .4371
Other water extractives 1.1767 .8820
Ash .3458 .2789
Extracted by:
Ether 9.7411 15.9911
Alcohol, cold 1.3290 1.5762
"
, 45 1.1801 2.5109
boiling .6869 .9937
Water .6567 .5479
Insoluble 7.2790 7.2468
Water 76.9974 69 .5354
It is interesting to note that Baumstark's method of extracting the
protein produced larger yields than Halliburton was able to obtain
by methods described later in this paper. The protein percentages
0.106 from white matter and 0.385 from gray matter obtained by
Halliburton, may be compared with 0.4371 and 0.6073 per cent, from
white and gray matter respectively shown in the above table.
Halliburton11 investigated the brains of a number of
animals to determine the amount of protein. His method consisted

In exhaustive extraction of the tissue with hot ether and alcohol,
the residue, after deducting ash, representing the protein. A
typical table follows:
Gray matter of cerebrum White matter of cerebrum
% solids in % protein
moist tissue in solids
Monkey No
ii it
Dog
Cat
Human No. 1
N 3
1
2
17.16
19.18
17.90
17.69
14.85
15.42
13.51
54.
51.
56 .
51.
56.
41.
% solids in
moist tissue
28.57
31.42
29.74
30.84
31.24
30.00
29.91
.12
% protein
in solids
36.
43.
30.
28.
29.
The excellent method devised by Koch for the
estimation of the proximate constituents of animal tissues is the
most efficient analytical scheme available for tissue work. The
results cited on pages 3 and 4 were gained by an application of
this method. It has been pointed out that this method is limited
in its possible significance by our inadequate knowledge of the
individual proteins. It should be remarked, however, that on the
basis of the investigations of Halliburton11
,
Levene 13 , and Ewald
and Kiihne 14 on individual proteins (which are discussed later in
this paper) Koch has divided the proteins into three fractions,
simple proteins, nucleoprotein, and neurokeratin, the division in
the case of the first two substances being accomplished by
calculations based on the phosphorus content of the nucleoprotein.
In the method of Koch the assumption is made that the proteins
reported by Halliburton, together with the neurokeratin discovered
by Ewald and Kuhne 14
,
constitute all the proteins of the central
nervous system. The fact that by Halliburton's method less than
3 per cent, of the total protein can be isolated, while neurokeratin
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represents about 15 per cent, of the total proteins, makes it
quite uncertain that the unextracted protein possesses the same
characteristics as that actually separated. Yet our knowledge of
the quantitative relations to the total proteins of so important
a substance as nucleoprotein is based on two phosphorus
13determinations by Levene on a nucleoprotein obtained from sheep
brains by a modification of Halliburton's method. It was hoped
that information gained from a complete protein analysis would
furnish a basis for the extension of the method of Koch.
2. Isolation of individual proteins.
The task of effecting separation of the individual
proteins has engaged the attention of several investigators.
Ewald and Kuhne discovered neurokeratin in the peripheral nerves
and in the central nervous system. It represents the residue of
the nervous tissue after treatment with alcohol, ether, gastric
juice, pancreatic juice and weak alkali. It is present in the
tissue in the neuroglia or supporting cells, and in the medullary
sheath as fibrous supporting tissue. Kuhne and Chittenden
made an extended examination of the substance and found its
elementary composition to be
C 56.11-58.45
H 7.26 - 8.02
N 11.46 - 14.32
S 1.63 - 2.24
Quantitative determinations showed that fresh gray substance
contains 0.327 per cent, neurokeratin, while white substance from
the corpus callosum contains 2.902 per cent. Completer
isinvestigation of neurokeratin was made by Argiris
,
using a
modification of the digestion method of Kiihne and Chittenden.

11
The elementary composition was found to be
C 56.62
H 7.51
N 14.16
S 2.24
By hydrolysis with sulphuric acid, an insoluble residue was
obtained which contained 10 per cent, of the neurokeratin nitrogen.
The soluble products of hydrolysis yielded the following amino
acids:
lysine 2.7 per cent,
arginine 2.24
histidine 0.76
tyrosine 4.6
cystine 1.5
The isolation and partial characterization of neurokeratin is an
important step in the protein analysis of nervous tissue, linking
as it does histological evidence for the presence of fibrous
supporting tissue with chemical separation of the substance. The
methods of isolating neurokeratin above outlined raise the
question as to the possible breaking down of a complex protein to
yield neurokeratin, under the influence of the reagents and
digestive processes. It would be valuable to compare the protein
obtained by other less vigorous methods with the product above
described. The procedure used for separating the neurokeratin is
a lengthy one which does not well lend itself to quantitative
determinations, and it further results in the destruction of all
the other constituents of the tissue , so that no quantitative
determinations can be made on the balance.
The most informing work on the soluble proteins of
nervous tissue is that of Halliburton'1'1 . Fresh tissue was
macerated with water for 24 hours, and the extract treated with
0.5 c.c. of 33 per cent, acetic acid per 100 c.c. of extract.
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After the acidified solution had stood for a few hours a precipitate
settled which, when subjected to gastric digestion, left a residue
of a phosphorus containing substance. This residue was soluble in
dilute alkalies and precipitable from such solutions by weak acetic
acid. It was therefore assumed to be nuclein, and the protein
from which it was derived was a nucleoprotein. In the above method
of preparing the nucleoprotein, no attempt was made to determine
whether any change had been produced in the protein due to its
standing for some hours in contact with 0.15 per cent, acetic acid.
From 40 grams of gray matter extracted with 1500 c.c. of water was
obtained 0.154 gram of nucleoprotein, or approximately 2 per cent,
of the dry gray matter. 40 grams of white matter similarly
extracted yielded 0.0423 gram nucleoprotein, and from a comparison
of the amounts obtained from the two tissue substances the con-
clusion was drawn that the amount of nucleoprotein in gray matter
is four times as great as in the white substance. Estimation of
the nitrogen content of the nucleoprotein obtained by boiling a
distilled water extract of the tissue gave 16.62 per cent. By
extracting the tissue with dilute salt solutions and examination
of the proteins in the solution by fractional heat coagulation and
fractional salting out with MgS04 , three fractions were
differentiated:
-
Fraction 1. Coagulation temperature 47°. Salted out by 50 per
cent. MgS04. This protein was assumed to be a globulin on
account of its solubility in salt solution, and the presence
of only traces of phosphorus and nuclein when subjected to
gastric digestion. It was called "neuroglobulin .
Fraction 2. Coagulation temperature 56°. Salted out by 90 per
cent. MgS04 . Soluble in distilled water, and precipitated
by weak acetic acid. Contained 0.5 per cent, phosphorus
and yielded residue of nuclein on digestion. This protein
was considered to be much more abundant in gray than in white
matter. It was termed "brain nucleoprotein".
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Fraction 3. Coagulation temperature 75°. Salted out by 100
per cent. MgS0 4 . This fraction had similar properties
to "neuroglobulin c* " and was termed "neuroglobulin "
.
Levene 13 further investigated the nucleoprotein obtained by
Halliburton. The proteins were extracted from the fresh moist tissu<
with 4 per cent. NH4CI, and the nucleoprotein precipitated by
addition of acetic acid. No data appear in Levene * s report
regarding the percentage of protein extracted. The precipitated
product was purified by washing with acidified water, and removal
of lipoids accomplished by extraction with alcohol and ether. Two
phosphorus determinations gave 0.557 and 0.573 per cent. The averag<
elementary analysis from two determinations showed the following
composition
:
C 42.36
H 5.90
N 15.46
S 1.28
P .56
The nitrogen content found by Levene differs greatly from the
percentage given by Halliburton, 16.62 per cent, in the protein
which he regarded as a nucleoprotein. The residue from the NH4C1
extraction of the tissue was treated by Levene with 0.5 per cent.
NH^OH, when a considerable quantity of a protein precipitable by
weak acetic acid was extracted. The presence of 0.5 per cent,
phosphorus in this protein appeared to mark it as a nucleocompound
similar to the first extracted nucleoprotein. For the identifi-
cation of purine bases the products of hydrolysis of the salt-
soluble nucleoprotein were examined by Levene. Hypoxanthine and
xanthine were absent, guanine and adenine present. Nuclein
containing 1.4 per cent, phosphorus and nucleic acid with 3.3 per
cent, phosphorus were prepared from the nucleoprotein. This is
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confirmatory of the finding of von Jacksch who prepared nuclein
by digesting gray and white matter with pepsin-hydrochloric acid,
and found a preponderance of nuclein in the gray matter as compared
with the white. From the entire brain he obtained 3 per cent, of
nuclein.
In considering the data obtained by Halliburton, it
may be remarked that although a distinct advance was made on
previous findings, the incompleteness of the results is evident.
None of the proteins separated was characterized with any degree
of exhaustiveness . The presence of very small amounts of nuclein
in the two so-called "globulins" was not further investigated, it
being considered "probable" that the phosphorus and nuclein were
present as impurity. The "neuroglobulins" are reported as
constituting 70 per cent, of the soluble proteins, yet they receive
only the most summary characterization. It is important to note
that the protein extracted represented only about 2 per cent, of
the dry material, and therefore no conclusion can legitimately
be drawn concerning the character of the unextracted protein.
Levene, in his study of the nucleoprotein reported by Halliburton,
makes no reference to the "neuroglobulins". It is further
significant that weak alkalies should extract a phosphorus
containing protein after complete extraction of the tissue with
neutral solvents: this will be considered in connection with the
experimental work reported in this paper.
Ulpiani and LeHi Extracted fresh horse brains with
chloroform at 45° for 45 minutes, and precipitated a sticky mass
from the filtrate by addition of an equal volume of ethyl acetate.
The product, when warmed with 85 per cent, alcohol yielded a
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soluble and an insoluble fraction, the latter containing a substance
which responded to protein color tests and was not dissolved by
lfidigestive fluids. It was called paranuclein. Steel and Gies
have confirmed the finding of a nuclein by this method. The
attempt to prepare this nuclein substance by another method will
be referred to later in this paper.
19Barbieri heated an emulsion of human brain in water
at 45° , then extracted with ether for 24 hours. The ether layer
contained cholesterol and other lipoids. Alcohol was added to the
aqueous extract until 10 per cent, concentration was reached, then
NaCl to 5 per cent.: upon heating this mixture to 55°, " c*-globulin"
,
a phosphorus containing protein, precipitated. This was filtered
off, and the NaCl concentration increased to 10 per cent. At 75°
" |3-globulin" precipitated in less amount than " c* -globulin" . It
also contained less phosphorus. The effect of heating at 45° would
be to coagulate some of the protein, as Halliburton has shown, and
the presence of alcohol would further accelerate coagulation, so
that the results here reported can not be regarded as having any
quantitative significance. The two globulins, differentiated by
unequal amounts of phosphorus, were not further characterized.
20Schkarin examined ox brains for their protein content,
using as solvents 7 per cent. NH4CI to extract what he designated
"neuroglobulin" and 0.2 per cent. NaOH for "neurostromin"
.
Neuroglobulin was found to contain more nitrogen and less phosphorus
than neurostromin. The neuroglobulin evidently corresponds to the
salt soluble proteins obtained by Halliburton. The neurostromin,
represented here as a protein individual, soluble in dilute alkalies,
may be compared with the protein extracted by Levene by the use of
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NH40H after complete extraction with neutral solvents.
Marie reviewed the methods of Halliburton and Levene
and described them as laborious procedures giving inconstant
results, the length of time consumed in the extraction process
causing changes to occur in the tissue. He prepared ''le
nucleoprot6ide du cerveau" by treating fresh tissue with ten
volumes of 1 per cent, acetic acid, centrifuging, and precipitating
the protein from the clear supernatant liquid by neutralization or
by addition of 20 per cent. NaCl. The product contained no
phosphorus. Further reference will be made to this substance in
the experimental section of this paper.
3. Cleavage products of nervous tissue proteins.
The importance of a knowledge of the splitting products
??
of the proteins has been referred to. Thudichum by hydrolyzing
brain tissue with Ba(0H) 2 showed the presence of leucine and
tyrosine, and in the process of isolating leucine obtained an acid
with empirical formula CgH^NOg , an isomer of leucine. The isomer
was separated from leucine by the less solubility in water of its
copper salt, and was called by
t
Thudichum glycoleucine , on account
of its sweet taste. He was able to show the new acid to be an
amino-caproic acid, but did not prove its exact constitution.
23
Abderhalden and Weil have set themselves the task
of studying the different parts of the nervous system in relation
to their content of amino acids, especially directing attention to
the possibility of new amino acids being discovered, such as that
obtained by Thudichum. Hydrolyses of spinal cord and of peripheral
nerve tissue were conducted, the amino acid content of the two
tissues showing great similarity. In the determination of the

amino acids by the ester method a new acid was isolated which was
24
subsequently identified with normal d c< -amino caproic acid.
It was therefore the same substance as was isolated but not
completely characterized by Thudichum. Upon hydrolysis of white
and gray matter from the cerebrum of the ox, Abderhalden and
25Weil found little difference in the amino acid content from
either source. A table summarizing the results of these amino
acid estimations on spinal cord, peripheral nerve, white substance
and gray substance from the ox brain, follows.
100 grams fresh substance yield:
Amino acid Gray White Spinal Perip]
substance substance cord nerve
alanine .14 .13 .18 .24
valine .26 .29 .15 .20
leucine and
isomer .66 .63 .39 .38
serine .02 .006 .01
aspartic acid .07 .02 .02
glutamic acid .50 .34 .36 .59
lysine .39 .39 .18 .28
arginine .13 .38 .21 .26
phenylalanine .03
tyrosine .26 .18 .14 .17
proline .04 .04 .02 .04
tryptophane
histidine .03 .08 .02 .04
2 .48 2.53 1.68 2.21
It is noteworthy that cystine, found by Argiris among the products
of hydrolysis of neurokeratin, is not reported in the above table.
Investigations in this laboratory have shown that small amounts of
amino acids are obtained upon hydrolysis of phosphatides. Such
acids would therefore be present among those obtained from the
hydrolysis of fresh tissue, as conducted by Abderhalden and Weil.
To ascertain the amino acid content of the proteins, it would be
necessary to completely separate them from the phosphatides.
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III. EXPERIMENTAL.
1. The 'direct solution 1 method.
In each of the investigations above referred to, the
value of the results is greatly minimized by the fact that the
proteins are accounted for so incompletely. In the present
investigation the first attempts to isolate the proteins were made
by experimenting with the solvent action of various salt solutions
on the moist sheep brain tissue. In so far as this tissue had
been studied by chemical methods the results had shov/n great
similarity to findings with regard to the human brain. On account
of this fact, and also in view of the availability of absolutely
fresh sheep brains, this tissue was adopted for preliminary study.
M/lO solutions of the following substances were used as solvents:
NH4C1, (NH4 ) 2S04 , BaCl 2 , CaClg, MgS04 , KgS04 , KA1(S04 ) 2 , KC1
,
NaC2H3 2 , NaHC03 , Na2C03 , NaCl, NaOH, Na2B4 7 , NaKC4H4 6 , Na2S04 ,
ZnS04 , A1 2 (S04 ) 3 - Following the method of Halliburton, 100 grams
of fresh tissue after mincing in a meat grinder was macerated for
24 hours at room temperature with 2 liters of the above solutions,
thymol being added as an antiseptic. The turbid liquid was filtered
through a Btichner funnel with the aid of filter paper pulp.
Examination of the filtrates showed that in the case of the neutral
or alkaline solvents, addition of weak acetic acid produced a
precipitate, which is equivalent to Halliburton's 'nucleoprotein'
.
After filtering off this first precipitate, a second amount of
protein was secured by boiling the solution. The markedly acidic
solvents, like ZnS04 and KA1(S04 ) 2 yielded slight precipitates on
neutralization, which were soluble in excess of dilute alkali or
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acid. Later experiments showed this material to be an acid meta-
protein produced by long contact of the tissue with the acid solu-
tions. When solutions of weakly acid salts like MgS04 were used,
the protein not precipitated by acetic acid was found to be present
in smaller quantity than in the solutions of neutral salts, and
if the filtrates from the nucleoprotein were allowed to stand
for 24 hours in contact with weak acetic acid, the second protein
fraction in large part disappeared.
The quantity of protein extracted was estimated by
nitrogen determinations on measured volumes of the clear filtrate:
1. N determination on first filtrate gives total N.
2. N determination on solution 1 after
precipitation with acetic acid: 1-2 gives nucleoprotein.
3. N determination on filtrate from 2,
after boiling: 2-3 gives acid sol. protein
The following table shows that there are no very marked differences
in the solvent properties of the individual neutral salts, the amoun
of protein extracted being about 1. per cent of the weight of the
original moist tissue. The alkaline solvents extracted a larger
quantity of protein.
Grams nitrogen from 100 grams moist tissue.
Solvent Total N Nucleoprotein N Acid Sol.N
MgS04 .509 .160 .05
NaCl .480 .131 .047
K2S04 .558 .165 .043
KC1 .544 .181 .044
NaC 2H302 .450 .101 .056
NaHC03 .698 .191 .071
NaOH 1.5 .507 .061
ZnS04 .262 .0 .034
KA1(S04 ) 2 .670 .0 .114
The above method of obtaining the proteins by direct extraction
of the moist tissue was found to have many disadvantages that
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render it inapplicable to the quantitative study of nervous tissue
proteins. These disadvantages may be briefly stated.
1. Small yield of protein.
2. Difficulty of filtration. This is one of the chief troubles
encountered in the extraction of proteins, whether of plant or
2fi
animal origin. Various means, such as that suggested by Osborne
,
have been used to overcome it. The attempt was made to clarify the
solution by means of aluminium cream, and by centrifuging , but so
great a loss of protein occurred through occlusion or adsorption in
13
the precipitate that these means were abandoned. Levene's method
of removing the suspended material by shaking with ether was not
found to be very efficient.
3. Length of time required for extraction. 24 hours is required
for extraction, and a similar period for precipitation and
filtration. This gives opportunity for bacterial and hydrolytic
changes
.
4. The presence of lipoids in the precipitated protein. Halliburton
reports lecithin as the most abundant impurity, while Levene states
that "it is next to impossible even after continuous extraction
with hot alcohol and ether during several weeks to get the product
in such a condition that the evaporated alcohol or ether would
leave absolutely no residue".
2. The method of drying and extraction of lipoids.
In view of the unsatisfactory results obtained by the
above method of direct solution of the moist tissue, it was thought
advisable to remove the lipoids so far as possible, in the hope that
the proteins would thus be rendered more soluble, and the quantity
of impurities minimized. This made it necessary to dry the tissue
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to prepare for the removal of lipoids by organic solvents. An
objection that in the drying process similar changes might take
place to those which vitiated the direct solution method, was a
serious one, and therefore to avoid all possibility of change in
the tissue except that caused by loss of water, the following
procedure was used. Fresh sheep brains were ground in a meat
chopper and spread in thin layers on large watch glasses, then
placed in a desiccator containing CaClg. The desiccator was
surrounded by a freezing mixture. After the tissue was frozen the
desiccator was continuously evacuated by a water pump for about 40
hours, by which time the tissue was found to be dry. It was ground
in a mortar, then 20 grams of the powder treated with 300 c.c.
benzene and the mixture shaken in a glass stoppered bottle on a
mechanical shaking apparatus driven by a l/6 horse power motor.
After shaking for three hours, the yellow benzene extract was
filtered off and a second and third extraction made. After three
periods of agitation the residue was dried and weighed, the product
being a nearly white powder which weighed 70 per cent, of the weight
of the original dry tissue. Further extraction with benzene yielded
insignificant quantities of lipoids. Portions of the protein
residue were shaken with water and with salt solutions, when a very
great increase in solubility over the original moist tissue was
noted, about 6 per cent, of the original dry tissue being extracted
as protein.
One of the difficulties inherent in the old method re-
mained, however, in that the aqueous solutions contained much
material in suspension and filtered very slowly. It was thought
that a completer extraction of the lipoids would prevent this
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turbidity, and a systematic search was made for a solvent that
would remove the maximum amount of lipoid by cold extraction. By
conducting the benzene extraction at a temperature of about 40°
the percentage of lipoid extracted was increased to about 40 per
cent. Various mixtures of organic solvents, such as acetone,
pyridine or absolute alcohol, in benzene, were also found to be more
efficient than pure benzene. The following table shows some of
the solubilities of lipoids in the different solvents experimented
with. Different samples of tissues were used in the various cases,
but the general increase in solubility when alcohol is added to
the benzene is shown clearly
.
Grams dry tissue Residue after
Solvent before extraction extraction % Lipoid
Benzene 40.7 28.8 29.2
it 200. 131.5 34.2
tt 66.2 44.8 32 .8
H 50 36.2 27.6
Benzene at 40° 20 12.25 38.75
it ii 63.5 39.34 38.05
Benzene-10j£ acetone 20 13.85 30.9
Benzene-10% aniline 20 14.45 27.75
Benzene - 5% alcohol 20 11.20 44.
n it 20 11.49 42.55
it it 20 11.00 45.
Benzene -15% alcohol 20 11.36 43.2
Benzene -25% alcohol 20 11.25 43.8
Thus a 5 per cent, solution of absolute alcohol in benzene is
found to extract in 10 hours about 45 per cent, of the dry tissue.
That this solvent does not interfere with the solubility of the
proteins is shown by the following experiment. Three similar
samples of air-dried sheep brain were extracted with different
solvents, 1) benzene, 2) equal volumes benzene and acetone,
3) five per cent, absolute alcohol in benzene. The residues after
complete extraction were shaken with solutions of 2 per cent. NaCl
,
and equal volumes of the filtrate coagulated by heat and the protein
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coagula weighed. The following table summarizes the result.
Lipoid solvent Grams dry Grams tissue Per cent. Protein extd
tissue after lipoid lipoid by NaCl. %
extraction extracted of dry tissue
Benzene 20 13.52 32.4 5.04
Benzene-acetone 20 13.25 33.7 5.25
Benzene-alcohol 20 10.23 48.8 5.04
The benzene-alcohol mixture, although extracting a much larger
quantity of lipoid, does not cause a greater amount of protein to
become soluble. It may be supposed that the 5 per cent, protein
obtained represents the amount of protein in the tissue that is
soluble in neutral solvents. This point will be further considered
when the quantitative relations of the proteins are discussed. A
solution of 5 per cent, absolute alcohol in benzene was adopted
for removal of lipoids, and will be termed the "lipoid solvent".
The difficulty of filtering the aqueous extracts was
noticed to increase when the temperature of the solvent water
approached the temperature of the room. Recourse was made to
cooled water for use in extraction, and with this expedient a
nearly clear solution was obtained upon extracting the tissue,
which filtered very readily through a Buchner funnel, using
ordinary filter paper.
By the use of the freezing method above described it
is possible to work with only small amounts of material. This
method is free from objection so far as its effect on the tissue is
concerned, and may therefore be used as a check on the air-drying
method here described for preparing large quantities of tissue.
To dry large quantities, hashed brain tissue after addition of 0.1
per cent, thymol was spread in thin layers on large glass plates,
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which were placed on shelves in a drying chamber through which air
was drawn by an electric fan. By turning the tissue frequently so
as to prevent film formation, drying can be accomplished in 20 hours,
or in less time depending upon the thickness of the layers of
tissue. The material can now be powdered and desiccated over CaC^
in vacuo to remove the last traces of moisture. To compare the
solubility of the proteins obtained by the freezing and air drying
methods, hashed sheep brain was divided into two portions, one of
which was dried by the freezing method, the other in the air
chamber. The dried tissue was then thoroughly extracted with the
lipoid solvent. Three-gram portions of the vacuum dried and air
dried material were shaken with 300 c.c. of 2 per cent. NaCl, and
two 50 c.c. portions of each of the clear filtrates were taken for
total protein determination.
Protein in 50 c.c.
Vacuum dried Air dried
Precipitated by
excess alcohol .0820 g .0830 g
Coagulated by addition
acid at boiling point .0743 .0737
This established the fact that air drying does not affect the
protein of the tissue to any appreciable extent.
3. Preparation of tissue by lipoid extraction method.
Through arrangement with Armour & Co.
,
Chicago, sheep
brains from animals butchered on the day of shipment were packed in
ice and expressed to this laboratory, 24 hours being consumed in
transit. The tissue was in excellent condition, and was free from
27blood except that contained in the pia mater. Lesem and Gies
used sheep brain tissue received 24 hours after the death of the
animals, and report that no appreciable changes in the tissue could
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be shown to have taken place in this short period. To further
test this question of possible change in the tissue, the brain of a
dog removed from the skull seven hours after the animal was killed
was sectioned along the longitudinal fissure, and one-half dried
immediately in the air dryer, the tissue drying in three hours.
The remaining half of the brain was left for three days in a
refrigerator, then dried In the usual way. Each half was extracted
separately with benzene, and two-gram portions of the residue ex-
tracted with 300 c.c. 10 per cent MgSO^. Nitrogen determinations
on equal volumes of the filtrates before and after coagulation of
the proteins were made, to compare the amount of protein in the
two extracts. The results are as follows:
Fresh tissue
28 gramsWeight before drying
after
" " benzene
extraction
Nitrogen in 25 c.c.
before boiling
Nitrogen after boiling
Protein N In 25 c.c.
5.9
4.1
Stale tissue
28 grams
5.9
4.1
.0077
.0041
.0079
.0043
.0036 .0036
This shows that if the tissue is carefully preserved in a cold place
very little change takes place in the solubility of the protein.
The brains as received from Chicago were sectioned into
three portions, cerebrum, cerebellum, and the medulla with the pons
and optic lobes. The tissue from the cerebrum was used in all the
following experiments, except where otherwise stated. A very simple
and effective means was used to remove the pia mater with blood
vessels. A single cerebrum was placed in a mortar and gently tapped
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with a pestle until the membrane was loosened. The entire membrane
could then be picked up with forceps and removed. Occasionally
portions of the more closely adherent membranes remained, but these
small amounts were removed by sieving the tissue after drying.
The membrane- and blood-free tissue was passed through a meat
grinder, mixed thoroughly with 0.1 per cent, thymol and spread in
thin layers on glass plates which were placed in the drying chamber.
After drying, the tissue was shaken with the lipoid solvent (one
liter to 100 grams), filtered through cheese-cloth, dried from
benzene in the air dryer, ground in a coffee mill and passed
through a 20-mesh sieve. Small amounts of membrane which had not
been removed from the original tissue were retained on the sieve.
The powdery product was next extracted for two 3-hour periods with
the lipoid solvent, when a yellow nearly odorless powder resulted
on drying, which yielded only traces of lipoids when further
treated with the solvent. As is usually found with dry protein
powders, the product was extremely hygroscopic. If allowed to
remain exposed to the air of the laboratory it rapidly took up
water, gaining about 10 per cent, in weight without at all losing
its powdery appearance. Such moisture containing protein slowly
decomposed as could be recognized by the development of slight odor
and the change of solubility shown by the proteins. The protein
powder thus prepared was kept in a vacuum desiccator over CaClg
and can thus be preserved for months without apparent change in its
properties
.
4. General method of studying the proteins.
Various groups of proteins may be differentiated from
others by differences in their solubilities. By the use of differenj

27
solvents, it was proposed to divide the proteins into groups, then
investigate the character of the protein or proteins in each group.
The solvents used were water, aqueous solutions of neutral salts,
acid solutions, alkaline solutions, alcohol. On account of the
17
finding by Ulpiani and Lelli of a nuclein extracted by chloroform,
extracts were also made with this solvent.
5. Proteins extracted by neutral solvents.
Solutions of the protein powder were made in 2 per cent.
NaCl, 2 per cent. Na2S04 , 10 per cent MgS04 , and in distilled water.
The solvent was first cooled to about 10°, then shaken with the
powder for one-half hour on the mechanical shaker. The resulting
solution was strained through cloth, and the nearly clear liquid
could then be filtered through ordinary filter paper in a Buchner
funnel in about one-half hour. The importance of letting the
tissue stand for as short a time as possible in contact with the
solvent was shown by extracting 12 grams of the protein powder with
1500 c.c. distilled water. Three 100 c.c. portions of the filtrate
were taken, and the first portion coagulated by heat and the protein
weighed. To portion 2 was added 10 grams MgS0
4 ,
and the solution
placed, together with portion 3, in a refrigerator, and left 48
hours. The protein was then estimated by heat coagulation, and in
each case less protein was found in the solutions which had been
allowed to stand.
Grams protein
Portion 1. Aqueous solution .0816
2. MgS04 " .0735
" 3. Aqueous solution .0807
It is seen that the presence of the slightly acid salt MgS04
_ =
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accelerates the decomposition of the protein.
The solutions of the proteins prepared as above
described were studied by precipitation of the protein with weak
acetic acid, total heat coagulation, fractional heat coagulation,
fractional salting out, precipitation by alcohol and by dialysis.
a) Precipitation by acids. It had been observed by
Halliburton11 that from solutions of brain proteins a precipitate
is thrown down upon addition of weak acetic acid. In the case of
salt extracts, he showed the presence of protein material in solu-
tion after the precipitation with acetic acid, but when distilled
water was used as a solvent, no such protein was found. These
results were confirmed in the present work in using the dried and
lipoid extracted tissue, with this important exception, that the
distilled water solution held protein in solution after acetic acid
precipitation. That is, the behavior of the distilled water solution
was quite similar to that of the salt extract. The minimum
concentration of acetic acid required to produce precipitation in
solutions of lipoid extracted tissue was 0.05 per cent, for 2 per
cent. NaCl solutions, and 0.02 per cent, for distilled water. The
higher concentration which Halliburton found it necessary to use,
0.15 per cent., is perhaps attributable to the protective action of
the lipoids present.
In comparing the ratio of protein precipitated by acetic
acid to that left in solution when different solvents were used, it
was found that the ratios depend on the concentration of acid used
and on the medium in which precipitated. This fact was observed
by making a distilled water solution of the protein powder, 30 grams
to 1000 c.c. water. The clear filtrate was divided into four equal
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parts. Part 1 was coagulated by heating to boiling in presence of
a trace of acid, and the total protein weighed. To Part 2, NaCl
was added to make a 2 per cent, solution; to Part 3, (NK4 ) 2S04
was added to 10 per cent, concentration, and Part 4 was left without
salt addition. Each of solutions 2, 3 and 4 was divided into two
equal parts and different amounts of acetic acid added. The
precipitates were filtered off and weighed, and the protein in the
filtrate coagulated and weighed. The following table shows the
weights of the two fractions obtained, expressed in terms of grams
of protein from equal volumes of original solution:
Solution Cone
.
HC 2H3°2
Protein
pptd.
Protein in
filtrate
Total
1. Water .1045
2. 2% NaCl 0.2
0.05
.0615
.0544
.0163
.0317
.0778
.0861
3. 10% (NH4 ) 2S04 1.0.05
.0912
.0516
.00
.0431
.0912
.0907
4. Water 0.02
0.1
.0376
.00
.0620
.0951
.0996
.0951
It is apparent from the above table that no constant protein
fraction is split off by acetic acid, and it is further significant
that after treatment with acid the total protein is not recovered
in the two fractions. The fact above noted as an exception to the
finding of Halliburton, that distilled water holds a portion of the
protein in solution after acid treatment may here receive an
explanation. In the older method, the acid used to precipitate
the so-called nucleoprotein was allowed to remain in the solution
in contact with the soluble protein, and hydrolysis changed this
protein over to metaprotein. This assumption has been tested on the
lipoid extracted tissue by allowing a solution from which a
precipitate had been obtained by acetic acid
f
t.n AtanH fnr. « ^ ayi
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when it was found that a large proportion of the soluble protein
had been changed to metaprotein and was precipitated on
neutralization. It is evident therefore that the acid soluble
protein varies in amount according to the means taken to obtain it.
The fact that it is soluble in distilled water is proof that it is
not in any sense a true globulin.
b) Total heat coagulation. The changes produced in the
protein by small concentration of acid or change of medium are
parallelled by changes produced by heat coagulation from different
solvents. MgS04 , NaCl and distilled water extracts were made and
the protein coagulated by addition at the boiling point of sufficien
acetic acid to make the concentration 0.01 per cent., this being
the minimum concentration at which complete agglutination and
precipitation would take place. Phosphorus determinations on the
precipitated protein were made. Some of the values obtained from
protein coagulated from different solvents are as follows:
H2 NaCl MgS04
.1557 .0537 .1538
.1718 .0756
.1395 .0725 per cent. P.
.1793 .0663
.0833
.0560
It is seen that the phosphorus content of the protein depends upon
the method of isolating it from solution.
c) Fractional heat coagulation. A 2 per cent. Na2S04
solution of the protein was made, to which was added 2 c.c. of 1
per cent, lactic acid per 100 c.c, to agglutinate the protein when
coagulation occurred. Five 25-c.c. portions of the solution were
placed in a water bath at an initial temperature of 45°. After
five minutes tube 1 was withdrawn and immediately placed in ice to
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cool. The temperature of the bath was raised to 50° for five
minutes, at which point tube 2 two removed. The heating was
continued for five minute periods at the temperatures noted in the
table below. After cooling, the precipitates were filtered off and
weighed
.
weight
temperature coagulum
1 45° .0170 g.
2 • 50 .0280
3 55 .0360
4 60 .0440
5 70 .0510
Another experiment using a solution of different concentration,
where the heating intervals were ten minutes, is noted:
o
1 42.5
2 45. .0100
3 47.5 .0215
4 50 .0280
5 52.5 .0300
6 55 .0340
7 57.5 .0350
8 60 .0385
9 62.5 .0400
Similar experiments have been repeated a number of times with
substantially the same result, showing that a progressive coagula-
tion takes place, no temperatures being noted at which excessive
coagulation occurred which would point to the presence of a protein
differing from the remainder of the solution. The phenomenon here
PR
observed is in accordance with the work of Chick and Martin who
have shown that the heat coagulation of proteins is a reaction the
velocity of which varies considerably with different proteins, and
according to the acidity or salinity of the solution. It would
appear from the data given above that the protein in solution is an
individual and not a mixture. If the data of Halliburton be
examined in the light of studies on velocity of coagulation, the
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the separation of three proteins by means of fractional heat coagu-
lation may be given quite another interpretation: this, that the
protein is an individual and not a mixture. The details of the
method for fractional coagulation are not reported in Halliburton's
paper describing the brain proteins; but in a previous study of
29
serum albumin and serum globulin a method is described which
presumably was followed in the case of nervous tissue. The solution
to be coagulated was made slightly acid by addition of 1 c.c. of
2 per cent, acetic acid to each 100 c.c. "With regard to the length
of time which a liquid has to be kept at any given temperature to
ensure complete precipitation of the proteid at that temperature, it
has been found that five minutes is as a rule sufficient. It is
obvious from the above data and from the work of Chick and Martin
that at any temperature a precipitate may be obtained, and if five
minutes is given for a precipitate to form, the division into three
proteins is easily explicable. The presence of considerable
quantities of lipoids may also affect the speed and temperature of
coagulation. This does not, however, furnish an explanation of the
finding by Halliburton of only traces of phosphorus and nuclein in
the fractions coagulated at 45° and 75°, while the 56° coagulating
protein was rich in phosphorus and nuclein. Halliburton's data
on the presence of nuclein are as follows;
d) Fractional salting out. Fractional salting out
with (NH4 ) 2S04 was carried out using solutions of proteins made with
Coagulation
temperature
% nuclein after gastric digestion
2.13
5.26
imponderable
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distilled water and with 2 per cent. NaCl. Five 200-c.c. portions
of the clear filtrates fro:n each of these extracts were placed in
500-c.c. measuring flasks, to which different amounts of a solution
of 50 grams (NH4 ) 2S04 in 100 c.c. solution were added. The solutions
were then made up to 500 c.c. and allowed to precipitate. 150 c.c.
portions were filtered off, and the protein coagulated by heat:
these coagula therefore represent the amounts of protein remaining
in solution, and the weights are given in column I. To 250 c.c.
portion? filtered from each measuring flask 10 c.c. of 1 per cent,
acetic acid was added. The weights of precipitates thus obtained
are shown in column II. 150 c.c. of the filtrate from II was
coagulated by heat: the weight of coagulum is recorded in column III
Column IV shows the sum of II and III. The weights of the various
fractions are calculated, for ease of comparison, on the basis of
the total volume, 500 c.c.
cc (NH4 ) 2S04 I II III IV
Solution to 500 cc. Total Acid Insol. Acid Sol.
100 .3362 .1856 .1042 .2898
150 .2926 .1476 .1026 .2502
Distilled ^oo .1866 .0710 .0878 .1588
water 250 .1144 .0280 .0476 .0756
300 .0536 .0274 .0274
100 .5770 .3082 .1888 .4970
150 .4960 .2756 .1832 .4588
2% NaCl 200 .3640 .1862 .1586 .3448
250 .2280 .0940 .0978 .1918
300 .1056 .0320 .0510 .0830
will be seen from column I that this precipitation is of a
similar additive nature to the fractional heat coagulation process.
Columns II and III show increased amounts of protein precipitated
with rising concentrations of (NH4 ) 2S04 , and confirm the conclusion
from the data given on page 29, that on treatment with acid the
total protein is not recovered in the two fractions. The ratios of
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precipitates shown by columns II and III are not, Indeed, constant,
but the steady decrease of both sets of quantities with increased
concentration of salt points to the probable presence of a unit sub-
stance before precipitation: the disparity between the ratios may
be explained in the light of the results shown in the table on page
29, the ratio being in part dependent on the medium from which the
precipitate is obtained. These results may be explained on the
assumption that the protein extracted by water and by neutral
salts is an individual and not a mixture, and that on treatment
with acetic acid a cleavage takes place, yielding a soluble and
an insoluble protein product, while a third part of the original
protein is not precipitated on boiling the solution.
Qualitative fractional salting out experiments with
anhydrous Na2S04 at 30°, where the relative volumes of the
precipitates were noted, gave the same results as the above, the
precipitates gradually increasing with rising concentration of
Na SO . The results of two experiments in which NaCl extracts were
2 4
salted out with (NH^gSO^ are given below. In table I, cerebral
tissue from beef brains, treated similarly to sheep tissue, was
used. 40 c.c. samples of the extracts were taken, to which were
added different amounts of 50 per cent, solution of (NH^^SO^
then made up to 100 c.c. After precipitation, equal volumes of
the filtrates were coagulated, and the weight of protein obtained.
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II
cc 50$
(NH4 ) 2S04
in 100 cc
25
27.5
30
35
40
45
50
weight
protein in
filtrate
.0399
.0377
.0356
.0307
.0240
.0182
cc 50$
(NH4 )oS04
in 100 cc
30
35
40
45
50
55
weight
protein in
filtrate
.0550
.0480
.0440
.0354
.0250
.0204
Two criticisms of the conclusions of Halliburton
emerge from these data: first, that fractional salting out does
not necessarily yield different products, as was assumed from the
fact that MgS04 yielded precipitates at different concentrations.
It is to be noted that no very definite line separated the proteins
obtained by Halliburton by fractional salting out. The three
fractions separated out at the following concentrations:
Concentration of MgSO^ at
commencement of pptn completion of pptn
Fraction 1
2
3
30$
50
80
50$
90
100
The second objection lies in the effect observed when varying
concentrations of acid are used, inconstant amounts of protein
being precipitated. On this account it is impossible to assume
that the protein precipitated represents a definite substance
which existed preformed in the tissue and is wholly precipitated
13by weak acids. Levene showed that the nucleoprotein obtained by
him was extremely unstable: it rapidly lost its initial solubility
in dilute alkalies and could therefore not be easily purified by
this method. A small quantity which was dissolved in weak alkali
and reprecipitated
,
immediately after the first precipitation with
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acetic acid, showed a phosphorus content of 0.45 per cent, as
compared with 0.56 per cent* before such treatment.
e) Precipitation by alcohol. The differences ex-
hibited by the proteins when obtained by different methods
suggested the possibility of getting the protein intact by
avoiding the use of heat or acid in separating it from solution.
It was found that two volumes of alcohol added to one of the
distilled water extract would cause ready separation of the
protein. On determining the phosphorus content of such preci-
pitates, a very marked increase was found over the protein pre-
pared in other ways, the phosphorus content varying from 0.7 to
1.2 per cent, in different samples. Very little of this phos-
phorus could be removed by extraction with hot ether and alcohol,
showing that the excess phosphorus was not due to phosphatides.
By repeated extraction of the alcohol-precipitated protein with
water, however, the phosphorus content was reduced to 0.11 per
cent. The water contained phosphates directly precipitable by
molybdate solution, but yielded a greater amount of phosphorus
to molybdate solution after oxidation with HN03 and H2S04 ,
showing that part of the phosphorus was in organic combination.
A portion of the water extract was evaporated to dryness: the
residue contained, In addition to inorganic salts, a small amount
of organic material which was not again soluble in water, and
which gave weak responses to protein color tests. The action of
alcohol on the tissues apparently produces decomposition, and,
further, results in the adsorption or occlusion of large amounts
of phosphates. The protein after precipitation by alcohol could
not be redissolved, so attempts were made to dialyze the phos-
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phates and other impurities from the protein solution.
f) Dialysis. 500 c.c. of the extract was dialyzed in
a parchment vessel for two days against running water, a small
quantity of thymol being added as a preservative. The protein was
then precipitated by (NH4) 2S04 , when phosphorus determination
showed a content of 0.718 per cent. Part of this material was
also tested for the presence of iron. Reference has been made
R
earlier in this paper to the finding by histologists that the
Nissl bodies in nerve cells contain iron, apparently in protein
combination. There is no record in the literature of iron being
detected in the proteins after separation and purification. To
test the protein for this element, small amounts were decomposed
1) by incineration in a porcelain crucible and 2) by oxidation
with nitric acid. Control experiments were run, which gave
negative results when tested with K4Fe(CN)6 and KCNS . The solutions
obtained from the decomposed protein, however, yielded unmistakable
precipitates of Prussian blue and red coloration with thiocyanate.
The test for iron has been applied to the protein separated by
coagulation and by salting out, and has always given a positive
reaction.
6. Proteins extracted by acidic solvents.
Acid extractions of the lipoid extracted tissue were
made with L. per cent, acetic acid and with 5 per cent, solutions
of oxalic, citric and boric acids. The clear filtrate in each
of these cases yielded a precipitate when neutralized. That the
prot ;in thus obtained represents a decomposition product of true
tissue protein was made evident by completely extracting some of
the dry tissue with 2 per cent. NaCl solution, then shaking the
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residue with the solvents above noted. In no case did any preci-
pitate appear on neutralizing these acid filtrates. Further, if
to the 2 per cent. NaCl solution 1 per cent, of acetic acid be
added and the solution shaken, a precipitate appears on neutralizing.
Reference is made on page 29 to the slow formation of metaprotein
by permitting the distilled water solution of the protein to stand
in contact with weak acetic acid. This explains the appearance of
the "new protein" obtained by Marie by compressing fresh brain
tissue to which had been added 1 per cent, of acetic acid, and
for which he proposed the name "antilyssin" . It may be stated that
such an acid metaprotein does not exist preformed in the brain.
7. Proteins extracted by alkaline solvents.
Tissue which has been extracted as completely as
possible with dilute salt solutions or distilled water invariably
yields protein to a weak ammonia solution. This had been pointed
out by Levene, as referred to earlier in this paper, in the direct
extraction of moist tissue. Levene considered this protein as
identical with the nucleoprotein extracted by dilute salt solutions.
After thorough extraction with ammonia up to 1 per cent, concentra-
tion, a further amount of protein is taken up by 0.5 per cent. NaOH.
20
The method of Schkarin for the extraction of "neurostromin" is
based on this fact. The protein extracted by NH40H or by NaOH is
not precipitated upon neutralization, but rapidly deposits from
solution when the acid concentration reaches 0.1 per cent, acetic.
No protein remains in solution after the precipitation by acid, in
distinction from the nucleoprotein obtained from water extracts.
Analysis of the protein after purification by resolution and
reprecipitation shows a phosphorus content of about 0.6 per cent.
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A slight though definite reaction for iron is given by the purified
substance. The protein is readily soluble in very dilute alkalies
and does not lose this property even after continued standing in
presence of acetic acid. In this it differs from the nucleoprotein
that is soluble in distilled water.
8. Extraction of the tissue with alcohol.
In order to settle the question of a protein similar
to the prolamin group being present in nervous tissue, 10 grams of
the dried material was shaken with 300 c.c. of 70 per cent, alcohol.
A slight residue on avaporation of the filtered alcohol gave
negative reactions to all protein color tests applied.
9. Extraction of the tissue with chloroform.
Extraction of the dry tissue with chloroform was
17
carried out in view of the finding of Ulpiani and Lelli
,
18
confirmed by Steel and Gies that the chloroform-water extract
of fresh tissue contains nuclein. 30 grams of dried tissue,
before extraction with the lipoid solvent, was treated with 150
c.c. chloroform and shaken for one-half hour. To the yellow
chloroform extract an equal volume of ethyl acetate was added,
which produced immediately a pure white waxy precipitate. This
precipitate was tested for protein in various ways, but all the
tests, including Millon's and biuret which Steel and Gies had found
positive, were negative.
10. Quantitative relations of the proteins.
It has been shown above that water and weak alkalies
extract proteins from dried and lipoid extracted nervous tissue
,
and from the means taken to obtain these substances it may be
assumed that they exist preformed in the tissue and are not
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cleavage products produced by the action of the solvents. It has
also been shown that acidic solvents do not extract unchanged
proteins. The quantitative relations of the proteins remain to
be considered. Air dried tissue from the cerebrum of the sheep
brain, after thorough desiccation in vacuo, was quantitatively
extracted with the lipoid solvent. The extracted material was
ground in a mortar, then sieved through fine cloth until a nearly
impalpable powder resulted. This was carefully dried in vacuo
and a weighed sample taken for analysis. The ease with which the
protein forms a sticky, unfilterable emulsion with solvents at
room temperatures makes it imperative to work with solutions at
about 10° when repeated extractions are to be made. In the
following extractions, ice water was used in each case when it
was found that the solutions filtered readily after shaking for
one-half hour. Three extractions of the weighed sample were made
with distilled water, the residue being quantitatively recovered
after each extraction. The protein in the extract was estimated
by coagulating a measured volume in the presence of 0.02 per cent,
acetic acid, and weighing. By evaporating to dryness a measured
volume of the extract, the weight of the total extracted material
was obtained, and by difference the non-protein fraction calculated.
0.05 per cent. NH^OH was used to extract the residue from the
third water extraction, and the protein in this solution was
weighed after precipitation by addition of 10 c.c. 1 per cent,
acetic acid to each 100 c.c. extract. The residue from NH40H
was first treated with 0.05 per cent. NaOH and the protein
estimated in the same way as from the NH4OH solution. The final
residue was dried in the drying chamber, ground to a fine powder
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and extracted with 0.1 per cent, and then with 1.0 per cent. NaOH,
neither of which solvents removed any further protein. The
following table shows the result of the analysis:
Per cent, of original dry tissue
Solvent Protein Non-protein
Benzene -alcohol 45.92
Water - first extraction 4.17 10.1
- second N .539 .1
- third .0 .0
0.05 per cent. NH .OH 3.753 1.12
0.05 " " NaOH 5.906 6.32
14.368 63.56
63.56
77.928
The residue from these extractions was treated with hot alcohol
under a reflux condenser for 24 hours, but no residue was
obtained on evaporation. It was then oxidized with HNO^ and
HgS04 for phosphorus determination. 0.284 per cent, phosphorus
was found. The presence of phosphorus in the residue after
complete extraction with lipoid and protein solvents is capable
of several interpretations. First, it may be due to the presence
of an insoluble phosphorus containing protein. Second, it may be
found that neurokeratin itself contains phosphorus, and, as
suggested in the previous discussion of neurokeratin, the
substance described by Ewald and Kuhne may be a product resulting
from digestive action on a phosphorus-containing protein which
constitutes the true supporting tissue. Again, the protein may
represent an unextracted protein which has become insoluble as
a result of the processes to which the tissue has been subjected.
11. Proteins from different divisions of the sheep
Brain
.
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It has been stated that the brain tissue used in
most of the experiments described in this paper was prepared from
the cerebrum of the sheep. Qualitative tests were made to
determine whether the different divisions of the brain of this
animal contain similar proteins. Four divisions of the brain
were examined separately. The cerebrum was divided into two parts
by section across the cruciate sulcus; also the cerebellum was
separated from the medulla with pons and optic lobes. These four
divisions were dried, extracted with the lipoid solvent, and the
dry material shaken with water and with salt solutions.
Examination of these solutions showed the presence of a protein
that yielded a precipitate with acetic acid and left a quantity
of protein in solution which was coagulated on boiling. Thus
the properties were similar to those exhibited by the protein
from the whole cerebrum. By extraction with weak alkalies a
second yield of protein was obtained, which possessed the same
characteristics, as regards stability towards acids and
absence of splitting products, as the alkali-soluble protein from
the cerebrum.
12. Proteins from nervous tissue of different animals.
The brains of several animals other than the sheep
have been examined qualitatively with respect to the proteins
present, and will be considered separately.
Beef brain. In table I, page 35 is presented an experiment
showing the fractional precipitation by (NH4 ) 2S04 of a saline
extract of beef brain, where exactly the same phenomena are
observed as in the case of sheep tissue, and it may therefore
be assumed that the protein of the beef brain soluble in neutral

43
solvents is an individual substance. The distilled water extract
of beef brain also gives a precipitate with dilute acetic acid,
and yields more protein on boiling the filtrate. That protein
soluble in dilute alkalies is present was shown by completely
extracting the tissue with 2 per cent. NaCl and subsequent
shaking with dilute NH40H. The filtrate, on slightly acidifying
with acetic acid, deposited a protein having the same general
properties as the corresponding protein from the sheep brain.
Dog. Data are given on page 25 on the extraction of the
proteins from the brain of the dog. This tissue was tested in a
similar manner to beef brain. The distilled water extract yielded
a soluble and an insoluble fraction on addition of acetic acid.
Dilute alkalies extracted from the tissue a protein corresponding
to that of the sheep brain.
Rabbit. Fresh brain obtained within a few minutes after
the death of the rabbit has been analyzed for neutral salt
soluble protein, and the result found positive. In the case of
this tissue no subsequent extraction was made with dilute alkalies
Man. A portion of the cerebrum from human brain tissue
received about 48 hours after death was dried, and the lipoids
extracted in the same way as from sheep brains. 20 grams of the
air-dried tissue extracted thoroughly with 5 per cent, absolute
alcohol in benzene left a residue of 11.49 grams, or 57.45 per
cent, of the dry tissue. The lipoid extracted material was
shaken with 2 per cent. NaCl. Weakacetic acid was added to a
portion of the filtrate, when protein material rapidly precipi-
tated, and upon boiling the filtrate from this precipitate a
further amount of protein was obtained. This corresponds exactly
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with the properties of the protein from sheep brains. After complete
extraction with MaCl solutions, the human brain yielded protein to
dilute alkalies, precipitable upon acidifying.
IV DISCUSSION OF RESULTS.
The activity of the central nervous system presents
such a complexity of reactions, involving the structure and
intercommunications of ten billions of cells, and the constitution
and properties of all the substances within the cells, that the
relation of a single group of substances like the proteins to the
integrated action of the tissue will be learned only through
patient and persistent work on the problem.
The properties, however, of isolated constituents
may furnish a clew to their functions in the tissues. It is
from this standpoint, in part, that the results here presented
are to be considered. It is found that a protein substance of
extreme lability is present, the properties of which show it to
be especially reactive to slight changes in acidity or alkalinity.
The transmission of the nervous impulse along a fiber has been
30
shown by Tashiro to be accompanied by the production of
extremely small quantities of C0 2 > and we must therefore assume
that the change in the nerve cell body which results from the
entrance of the impulse will be initiated by a correspondingly
small change in the sell substance. In the nucleoprotein
described we may see, in the absence of more conclusive data,
a suhstance possessing the instability requisite for quick
response to such mild stimuli.
The fact that histological evidence points to the
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presence of two phosphorus containing proteins in the nerve cells,
as referred to on page 5, may possibly be related to the
isolation of two such proteins, one substance being soluble in
neutral media, the other requiring very small concentration of
alkali for its solution.
It is remarkable th t the proteins obtained from the
brains of various animals should be so similar in their properties
as to give identical qualitative reactions. The same conclusion
has been reached with regard to the inorganic constituents of
31
brain tissue by Weil , through a very complete study of the ash
of the human brain and that of the ox. He concludes that the
psychical differences in the two species are due to different
ratios of gray and white substance. In the case of the proteins,
the absolute identity of the proteins in the different animals
has not been shown: the significance of the quantitative method
outlined In this paper lies in its application to the
preparation of the various proteins, to permit of precise
characterization
.
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V. GENERAL SUMMARY.
I. A new method of preparing nervous tissue for
quantitative study of the constituents, especially proteins,
is described. The soluble proteins can be directly and completely
extracted by suitable solvents, and quantitatively estimated.
II. The proteins of the central nervous system are
at least three in number J
1. A phosphorus and iron containing protein soluble in
distilled water. The properties of this protein may
be summarized in the following statements.
a) The protein extracted from brain tissue by neutral
salts or by distilled water is precipitated in a
progressive, additive manner by increasing concentra-
tions of (NH4 ) 2S04 .b) Fractional heat coagulation of such solutions shows a
similar additive coagulation of the protein.
c) These data point to the individual nature of the protein.
d) The protein whether extracted by distilled water or
by neutral salt solutions shows the same general
properties. No true globulin can be said to be present.
e) The protein is very unstable. In presence of low
concentrations of acid it breaks down, yielding at
least three products, the nature of which is dependent
on the concentration of acid used and on the medium in
which precipitated.
f ) The protein when obtained by total heat coagulation
varies in character according to the solvent from
which It is coagulated, and the amount of acid used
to effect coagulation.
g) The protein obtained by different methods has always
given a slight though definite positive reaction when
tested for the presence of iron.
2. A phosphorus and iron containing protein soluble in
dilute alkalies.
a) The protein extracted by alkaline solvents is
qualitatively and quantitatively different from that
extracted by neutral solvents.
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b) The protein extracted by alkaline solvents may be
completely precipitated by addition of acid, and
the protein is not decomposed in the precipitation.
3. Supporting tissue, insoluble in neutral, acidic or
alkaline solvents.
III. The brain of the ox, rabbit, dog, sheep and
man contain, in general, sinilar proteins.
IV. The different divisions of the sheep brain
contain similar proteins.
V. The central nervous system does not contain
preformed the "globulins" described by Halliburton. 11
91VI. Acid metaprotein, described by Marie
,
does not exist preformed in the brain.
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